Particulate and soluble fractions from leaves of Sorghum, Spinacia (spinach), and Cokus, capable of metabolizing L-phenylalanine to cinnamate or to caffeate, are also able to convert L-and D-phenylaanine to phenylacetate. Since cinnmate and phenylacetate are not effectively separated in commonly used chromatographic solvents, some of the isotropic assays ued for phenylalanine ammonia-lyase are rendered ambiguous by the interference of this second pathway. Therefore, a "double decker," two-dimensional paper chromatographic method was designed to separate cinnamate and phenylacetate. This was combined with the use of phenylaanine labeled randomly or just in either the carbon 1 or 2 position of the side chain.
separated in commonly used chromatographic solvents, some of the isotropic assays ued for phenylalanine ammonia-lyase are rendered ambiguous by the interference of this second pathway. Therefore, a "double decker," two-dimensional paper chromatographic method was designed to separate cinnamate and phenylacetate. This was combined with the use of phenylaanine labeled randomly or just in either the carbon 1 or 2 position of the side chain.
During attempts to demonstrate the presence of a particulate complex in leaves capable of producing caffeate from L-[U-'4C]phenylalanine, it became apparent that a presumed cinnamate area isolated by paper chromatography using organic solvents such as benzene contained another compound. The major contaminant has been identified as the C6-C2 compound phenylacetate. Since its presence would interfere with commonly used isotopic assays for cinnamate involving toluene extraction of the products of an incubation mixture or isolation of cinnamate chromatographically using organic solvents prior to scintillation counting, methods were designed to separate phenylacetate from cinnamate and to compare the two pathways quantitatively using two enzyme assay methods. One was the frequently used method for measuring PAL2 activity; the other was designed to detect multiple steps in the C6-C3 pathway from phenylalanine to caffeate in particulate preparations with as many intact organelles and vesicles as possible. Light was used during the incubation in the Sequence assay because of the possibility of the importance of chloroplasts in phenolic metabolism (8) .
MATERIALS AND METHODS
Preparation of Leaf Extracts. About 6-to 7-day-old Sorghum bicolor plants were grown in the light at 30 C as in previous studies (9, 10) . Commercially purchased spinach (Spinacia oleracea) leaves were kept in moist trays under cool white fluorescent lamps (2,100 lux) at 25 C for 20 to 24 hr prior to extraction. Greenhouse-grown Coleus blumei plants, an unknown cultivar with dark red leaves edged with green, were transferred to the growth chamber used for sorghum for about 1 This research was supported by National Science Foundation Grant PCM-10360 A02.
2 Abbreviations used: PAL: phenylalanine ammonia-lyase; ME: 2-mercaptoethanol.
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48 hr prior to extraction. Two basic extraction mixtures were used. Both contained 100 mm Tricine buffer (pH 8), 0.6 M sorbitol, 3 mm Ca(NO3)2, and 2% (w/v) soluble PVP-40 (Sigma Chemical Co.). One contained 10 mm ME, the other 0.1% (w/ v) ascorbate. About 10 g fresh wt of leaves were ground in 40 ml of medium. After removal of residues trapped by cheesecloth and centrifugation at 500g, the pellet obtained at 37,000g (P) was resuspended in 2 ml of 0.6 M sorbitol, 3 mm Ca(NO3)2 in 100 mM Tricine (pH 8) for the Sequence Sequence Assay. A 1-ml mixture in 100 mm Tricine (pH 8) and 0.3 M sorbitol contained 4 mM L-phenylalanine and 14C compounds as in the PAL assay, 20 mm ascorbate, 1.5 mM Ca(NO3)2, 0.5 mg of BSA, 5 mm ME when noted, plus enzyme extracts as in the PAL assay. The tubes were incubated under fluorescent lights (1,000 lux) for 3 hr at 30 C with stirring.
Analysis of Incubation Mixtures. After the addition of 30 ,ul of 6 N HCl, the incubation mixture was analyzed either by removing a 0.1-ml aliquot for paper chromatography on Whatman No. 1 paper (23 x 45 cm) as described in the text, or the entire incubation medium was extracted first with petroleum ether (5 x 1-ml aliquots) and then with ethyl acetate (3 x 1 ml). Addition of methanol to about 30% (v/v) was necessary to facilitate removal of the Chl with the petroleum ether extraction. Both of these extracts were concentrated and applied to chromatograms. Standards of cinnamic (10 ,g), phenylacetic (300 ,ug), caffeic acids (2 pg), and other selected compounds were added to the chromatograms and were identified under UV. Other radioactive areas were identified by detection with a Geiger counter or by x-ray film autoradiography. Identified spots were cut out and added to a PPO-POPOP toluene medium for scintillation counting (9) . Quench channel ratios were used to determine efficiencies. Activity was reported as dpm/hr-g fresh wt, which can be converted to nmol/hr g fresh wt by multiplying by 7.3 x 10-3. Specific radioactivities were determined experimentally.
Chromatographic 1Plus 10 aM14ME in extraction medium, but minus ME in incubation mixture.
2PAL assay: 10 mM ME in extraction medium, plus 1 mM ME in incubation mixture.
Sequence assay: 0.1% ascorbate in extraction medium; plus S mM ME and 1 mM MgC12 in incubation mixture. ME is frequently added to plant enzyme extracts and to assay protocols for maximum PAL activity. Its effects are complex and differ for sorghum and spinach preparations. The addition of 10 mm ME to the grinding medium was essential for high PAL activity in sorghum as measured by the incorporation of label into cinnamate in the PAL assay (Table II) . Its presence during the extraction was less important for the phenylacetate pathway. For sorghum the presence of ME in the incubation mixture produced a consistent, very small inhibition of PAL activity, but drastically reduced the incorporation into phenylacetate. It is possible that the loss of incorporation into the phenylacetate pathway is only apparent, since it might have been converted to other products in the presence of ME. There was some preliminary paper chromatographic evidence of other C 2C products in the vicinity of o-hydroxyphenylacetate in the presence of ME in the incubation medium. In spinach preparations, the addition of ME to the grinding medium had little effect, but its presence in the assay medium was sometimes beneficial for incorporation of label into both the cinnamate and phenylacetate areas. Therefore, except when noted otherwise, 5 mM ME was present during sequence assays using spinach, but was omitted with sorghum (see Table I ). Since the latter preparations were ground with 10 mm ME, some ME that was trapped in the pellets during preparation of the enzyme was always present.
Differential '0.1% ascorbate in extraction medium when ME omitted. The data of Table III show that all of the radioactivity in either the trans-cinnamate or the caffeate areas was due only to C6C3 compounds, since the amount of label incorporated using all three types of labeled phenylalanine was similar.
Estimates of the amounts of benzoate and phenylacetate in this complex area can be made without further correction only in the case of the PAL assay with particulate preparations from sorghum leaves. If it is assumed that the D isomer present in the 14C] substrate contained the D as well as the L isomer, an experiment was designed to check whether the above discrepancy was due to the presence of an enzyme capable of using the Table III because there was no evidence of a "doubling" effect due to the presence of the D isomer. Therefore, the activity producing phenylacetate in the PAL assay appears to be due to an enzyme capable of using only the L isomer of phenylalanine. Further corroboration of this hypothesis was found when experiments similar to those described in Table IV for the Sequence assay were done using the PAL assay. The pattern of incorporation into phenylacetate was similar to that into cinnamate, the latter being produced by PAL enzyme known to be specific for the L isomer and to be inhibited by the D isomer (3) (data not shown).
Incorporation into Phenylpyruvate. with organic solvents such as benzene or toluene. The interference is either increased or decreased in the presence of ME in the incubation medium, depending on the tissue used. While the major interference product appears to be phenylacetate, and in some cases phenylpyruvate, the possibility of benzoate must also be considered (4). Since phenylacetate has auxin-like properties and is found in many plants (6) , a study of this pathway is of importance in itself, rather than just as an interfering set of reactions in PAL assays. In tissue level studies, Wightman has demonstrated that phenylacetate was produced from phenylalanine mainly by a phenylpyruvate route to phenylacetaldehyde, but that a phenylethylamine pathway to phenylacetaldehyde was also involved (7) . He mentioned the demonstration of the production of phenylacetate in cell-free preparations, but no detail was given (13). Other possible routes include the catalysis by an amino acid oxidase producing phenylpyruvate (12) or a peroxidase forming an amide (5) . More than one of these pathways are probably involved in the data reported here. Our tentative conclusion for the crude particulate preparations from sorghum is that a DL-decarboxylase is active in the Sequence assay, while an L isomer-dependent pathway to phenylacetate predominates in the PAL assay. Benzoate, if present, is considered to be a minor product. Experiments are in progress to characterize the initial reactions in these phenylacetate pathways in order to test this hypothesis. Since no exogenous cofactors were added in these assays, except for ascorbate in the Sequence assay, a knowledge of cofactor requirements will be of prime impor- 
